Brain metastases are a common cause of disabling neurologic complications and death in patients with metastatic melanoma. Previous studies of nivolumab combined with ipilimumab in metastatic melanoma have excluded patients with untreated brain metastases. We evaluated the efficacy and safety of nivolumab plus ipilimumab in patients with melanoma who had untreated brain metastases.
B rain metastases are a common complication of solid tumors and remain a major cause of disabling neurologic complications and death in patients with cancer. 1 Among primary cancers in adults, melanoma has one of the highest propensities to metastasize to the brain. 2 More than one third of patients with advanced melanoma have brain metastases at diagnosis, 3 and up to 75% have brain metastases at the time of death. 2 Surgical resection and stereotactic radiotherapy are highly effective treatments for local control of brain oligometastases. 2, 4 Whole-brain radiation therapy is used for multiple brain metastases and leptomeningeal disease, albeit with limited therapeutic efficacy. Systemic chemotherapeutic agents, including those that cross the blood-brain barrier (e.g., temozolomide), have minimal antitumor activity in the brain. 5 None of these treatment methods have an effect on the risk of the development of new brain metastases, on the control of extracranial disease, or on overall survival. 2, 4 Thus, the prognosis of patients with melanoma who have brain metastases has remained poor, with a median overall survival of 4 to 5 months and only 5% surviving in the long term (≥5 years). 4 Studies have shown that immune checkpoint inhibitors and targeted therapies (BRAF-MEK inhibitors) have intracranial activity in patients with melanoma who have untreated brain metastases, and both types of therapy may improve survival outcomes in these patients. 6, 7 Ipilimumab, which blocks cytotoxic T-lymphocyte antigen 4, and pembrolizumab, an anti-programmed death 1 (PD-1) agent, have been shown to have activity against brain metastases from melanoma when each agent is used individually as monotherapy. 6, 8, 9 In phase 2 and phase 3 studies of advanced melanoma, ipilimumab combined with the anti-PD-1 agent nivolumab was shown to have efficacy superior to that of ipilimumab alone. 10, 11 However, these studies excluded patients with untreated brain metastases. Here, we report the results of CheckMate 204, a phase 2 study to evaluate the efficacy and safety of nivolumab combined with ipilimumab in patients with melanoma who have asymptomatic, untreated brain metastases.
Me thods

Patients
Adult patients who had histologically confirmed malignant melanoma with metastases to the brain and an Eastern Cooperative Oncology Group performance status of 0 or 1 (on a 5-point scale, with higher numbers reflecting greater disability) were eligible for this study. All patients had at least one measurable brain metastasis (tumor diameter, 0.5 to 3 cm, as assessed by magnetic resonance imaging [MRI] ) that had not been previously irradiated, was not judged to require an immediate local intervention (surgery or radiosurgery), did not result in neurologic signs and symptoms, and had not been treated with systemic glucocorticoid therapy within 10 days before the initiation of study treatment (asymptomatic patients). Previous stereotactic radiosurgery and excision of up to three brain metastases were permitted at least 3 weeks before study treatment, provided that neurologic sequelae had completely resolved and that measurable untreated lesions remained.
Previous adjuvant therapies were permitted (including ipilimumab, with the last dose given >6 months before enrollment); inhibitors of MEK or BRAF were allowed with a 4-week washout period. Patients were excluded from the study if they had known leptomeningeal involvement or autoimmune disease or if they had received systemic treatment with glucocorticoids or other immunosuppressive medication within 14 days before study therapy. A complete list of eligibility criteria is provided in the protocol, available with the full text of this article at NEJM.org.
A later amendment to the study protocol allowed enrollment of 20 symptomatic patients with brain metastases. Patients were enrolled in this cohort at a later time, and most of these patients did not have a minimum follow-up of 6 months at the time of the last data cutoff; therefore, these patients could not be evaluated for the primary end point (defined below). The current report includes only the asymptomatic patients who could be evaluated for the primary end point (94 of 101 treated patients had a minimum follow-up of 6 months). Follow-up of patients with symptomatic brain metastases is ongoing, and results from this cohort are not reported here.
Study Design and Treatment
In this open-label, multicenter, single-group, phase 2 study, patients were treated with nivolumab at a dose of 1 mg per kilogram of body weight every 3 weeks plus ipilimumab at a dose of 3 mg per kilogram intravenously every 3 weeks for four doses (induction phase), followed by nivolumab T h e ne w e ngl a nd jou r na l o f m e dicine at a dose of 3 mg per kilogram every 2 weeks (maintenance phase) (Fig. S1 in the Supplementary Appendix, available at NEJM.org). Treatment continued for a maximum of 24 months or until disease progression, unacceptable toxic effects, or withdrawal of consent. Patients who had grade 3 or 4 toxic effects during the induction phase could be retreated during the maintenance phase with nivolumab monotherapy if the toxic effects had resolved and immunosuppressive medications were no longer considered necessary. Guidelines for the discontinuation of treatment and the management of immune-related adverse events are described in the protocol.
End Points
The primary end point was the rate of intracranial clinical benefit, defined as the percentage of patients who had stable disease for at least 6 months after the initiation of treatment, complete response, or partial response. The secondary end points were the rate of extracranial (systemic) and global clinical benefit; intracranial, extracranial (systemic), and global progression-free survival and rate of overall response (defined as the rate of complete or partial response); overall survival; and measures of the central nervous system (CNS)-specific safety of the study treatment.
Assessments
Treatment response was determined in the brain and systemic compartments by serial radiographic assessment every 6 weeks for the first year and every 12 weeks thereafter, for up to 24 months. All brain lesions were assessed with MRI scans, whereas the assessment of extracranial disease was performed by means of computed tomography. 11 All assessments of response reported herein were conducted by the study investigators.
Extracranial lesions (a minimum of 10 mm in diameter for measurable nonnodal lesions) were assessed according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1. For the assessment of brain lesions, the RECIST criteria were modified to allow up to five intracranial target lesions of 5 to 30 mm in diameter and to include target lesions measuring 5 to 10 mm in their longest diameter, as described previously. 7 Intracranial lesions could be measured only by gadolinium-enhanced MRI, with a scan-slice thickness of 1 mm for metastases that had a longest diameter of 5 to 10 mm. Global responses were assessed with the use of a combination of modified RECIST criteria for brain lesions and RECIST criteria for systemic disease and encompassed all index lesions in the brain and systemic compartments. Complete response, partial response, or progression was confirmed by MRI approximately 4 weeks after the initial assessment, and stable disease was evaluated at one assessment at least 6 months after the initiation of treatment. The expression of programmed death ligand 1 (PD-L1) was assessed in extracranial tumor tissue with the use of a validated immunohistochemical assay, as described previously.
11
The Common Terminology Criteria for Adverse Events, version 4.0, was used to evaluate safety for all treated patients. Decisions about withholding or discontinuation of treatment were based on investigator judgment in consultation with the study primary investigator and the study medical monitor.
Study Oversight
The study was conducted in accordance with Good Clinical Practice guidelines as defined by the International Conference on Harmonisation and in compliance with the protocol, which was approved by the institutional review board of each study center. The study was originally developed by the Cytokine Working Group and was then expanded under the sponsor, Bristol-Myers Squibb, to include additional participating centers. All the patients provided written informed consent before enrollment.
In lieu of a data and safety monitoring committee, a steering committee was established, consisting of a core group of study investigators who are experts in treating patients with melanoma and brain metastases, along with the sponsor physicians and staff. The study was designed by members of the steering committee (all of whom were academic authors) and the study sponsor. An agreement was made between members of the steering committee and the study sponsor to protect the confidentiality of the data before publication. Data were collected by the sponsor and analyzed in collaboration with the authors. An interim safety analysis was conducted after 20 patients had completed induction treatment or discontinued treatment.
The initial draft of the manuscript was written by the first and last authors, and all the authors contributed to subsequent drafts and provided fi-nal approval to submit for publication. Professional medical writing and editorial assistance were provided by StemScientific and funded by the sponsor. The authors vouch for the accuracy and completeness of the data and the analyses, as well as for the adherence of the study to the protocol.
Statistical Analysis
Statistical analyses of the primary end point, the rate of intracranial clinical benefit, were based on an originally planned sample size of 110 patients for the entire study population. Rates of clinical benefit were calculated to yield clinically meaningful results with respect to the lower bounds of the Clopper-Pearson exact two-sided 90% confidence interval and 95% confidence interval. The planned sample size ensured that the maximum width of the exact 90% confidence interval for any given estimate of the rate of clinical benefit did not exceed 18% and that the maximum width of the exact 95% confidence interval for any given estimate of the rate of clinical benefit did not exceed 20%.
Time-to-event analyses were conducted with the use of the Kaplan-Meier method, with medians presented along with 95% confidence intervals based on the Brookmeyer and Crowley method. Analyses were performed using SAS software, version 9.2 (SAS Institute).
R esult s
Patients and Treatment
This trial was conducted at 28 sites in the United States, with enrollment from February 2015 through June 2017 (for the cohort with asymptomatic brain metastases). A total of 101 patients were treated in the asymptomatic cohort. As of November 15, 2017, of the 101 patients who had been enrolled, 94 had a minimum follow-up of 6 months (median follow-up, 14.0 months) and could be evaluated for the primary end point (Fig. S2 in the Supplementary Appendix) .
The median number of doses received during the induction phase was 3 (range, 1 to 4); 33 of 94 patients (35%) received all 4 scheduled doses of both nivolumab and ipilimumab. A total of 55 patients (59%) received nivolumab as maintenance therapy (median number of doses, 15; range, 1 to 48). The overall median duration of therapy was 3.4 months. At the cutoff date for the current analysis, 70 patients (74%) were no longer receiving treatment and 24 (26%) were still receiving the study treatment; 21 (22%) had died. Radiographic progression was documented in 33 patients (35%): 17 (18%) had intracranial progression only, 4 (4%) had extracranial progression only, and 12 (13%) had both intracranial and extracranial progression. A total of 11 (12%) of the 33 patients had progression with new lesions in the brain. After discontinuation of study treatment, 25 patients (27%) received subsequent anticancer therapy (Table S1 in the Supplementary Appendix).
Of the 94 patients who could be evaluated for the primary end point, 16 (17%) had received previous systemic anticancer therapy, with the most common being a BRAF inhibitor (11%), a MEK inhibitor (9%), or both (Table S2 in the Supplementary Appendix). Eight patients (9%) had received stereotactic radiotherapy before study en- 
try, and 2 patients (2%) received stereotactic radiotherapy during the study. Of the 94 patients, 72 (77%) had one or two intracranial target lesions and 21 (22%) had three or more intracranial target lesions (Table 1) ; 36 patients (38%) had one or two extracranial target lesions, and 43 (46%) had three or more extracranial target lesions (Table S3 in the Supplementary Appendix).
Efficacy
According to modified RECIST, version 1.1, criteria, 24 patients (26%) had a complete response and 28 (30%) a partial response in the brain, yielding a rate of intracranial objective response of 55% (95% confidence interval [CI], 45 to 66) ( Table 2 ).
An additional 2 patients (2%) had stable disease lasting 6 months or longer, which resulted in a rate of intracranial clinical benefit of 57% (95% CI, 47 to 68) ( Table 2) . Similar rates of objective response (50%) and clinical benefit (56%) were observed for extracranial lesions, although a lower proportion of patients (7%) had a complete extracranial response. Intracranial responses were observed across the range of target lesions, including in patients with three or more intracranial target lesions (Table S4 in the Supplementary Appendix).
Subgroup analyses of the rate of intracranial clinical benefit showed results consistent with those of the primary analysis (Table S5 in the Supplementary Appendix). The rate of clinical benefit was higher among patients with lactate dehydrogenase levels above the upper limit of the normal range than in patients with levels at or below the upper limit of the normal range (67% vs. 51%). Nivolumab plus ipilimumab was associated with a higher rate of clinical benefit among patients with tumor PD-L1 expression that was at least 5% than among patients with tumor PD-L1 expression that was below 5% (76% vs. 48%), a finding consistent with the results of previous studies in extracranial disease. 11 The rate of clinical benefit was similar across target-lesion sizes.
Among patients who had an objective response in the brain, 47 of 52 responses (90%) were ongoing at the time of the current analysis (Fig. 1) . The median time to response was 2.3 months (range, 1.1 to 10.8). For extracranial responses, 43 of 47 (91%) were ongoing at the time of the current analysis (Fig. S3 in the Supplementary Appendix). The median time to response was 2.1 months (range, 1.1 to 15.0).
With a minimum follow-up of 6 months and median follow-up of 14.0 months, the 6-month and 9-month rates of progression-free survival were 64.2% and 59.5%, respectively, for intracranial assessments, 75.9% and 70.4% for extracranial assessments, and 61.1% and 56.6% for global assessments ( Fig. 2A) . In an initial assessment of overall survival, the 6-month and 9-month survival rates were 92.3% and 82.8%, respectively, and the estimated 12-month survival rate was 81.5% (Fig. 2B) .
Safety
Adverse events of grade 3 or 4 that were evaluated by the investigator to be related to the study treatment were reported in 55% of patients; the In these patients, the calculated tumor burden showed a greater decrease when the intracranial and extracranial responses were added together, whereas decreases in intracranial or extracranial lesions alone may not have been sufficient to be considered a response. Percentages may not total 100 because of rounding. † This category included patients who withdrew consent or did not have a tumor assessment during the study. Seven patients did not have extracranial lesions and thus were categorized as not able to be evaluated for the extracranial assessments. The percentage of patients who could not be evaluated for response was consistent with previous studies of nivolumab plus ipilimumab in advanced melanoma.
11,12 ‡ This category included patients with a complete response and those with a partial response. The calculation of 95% confidence interval was based on the Clopper-Pearson method. § This category included patients with a complete response, those with a partial response, and those with stable disease for 6 months or longer. The 95% confidence interval was based on the Clopper-Pearson method. most common of these events were an increase in levels of alanine aminotransferase or aspartate aminotransferase ( 1%] ). Each of these adverse events led to treatment discontinuation, and the one reported case of peripheral motor neuropathy was irreversible. One death was evaluated by the investigator to be related to the study treatment (grade 5 immune-related myocarditis). 13 
Discussion
The results of our study show that systemic therapy with combined nivolumab and ipilimumab has clinically meaningful efficacy in patients with asymptomatic, untreated melanoma metastases to the brain. Intracranial responses were observed in more than half the patients treated, were detected at the first disease assessment (which is indicative of a rapid response), and were durable. Intracranial activity was largely concordant with extracranial activity, as was previously shown with ipilimumab alone. 6 Most importantly, therapy with nivolumab plus ipilimumab prevented intracranial progression for more than 6 months in 64% of patients. These results are relevant in a population in whom progression can quickly result in substantial neurologic symptoms, func- 
Last dose Progression
T h e ne w e ngl a nd jou r na l o f m e dicine tional impairment, and the need for glucocorticoid therapy. Although current practice is to start with surgery, stereotactic radiotherapy, or both followed by immunotherapy or targeted agents, our results support the initiation of immunotherapy to achieve prompt control of both extracranial and brain metastases. This approach could also lead to a decrease in or avoidance of complications of whole-brain radiation therapy and stereotactic radiotherapy (e.g., cognitive decline and radiation necrosis, respectively). We found a rate of intracranial clinical benefit Panel A shows the Kaplan-Meier estimates of progression-free survival as assessed by the investigators. Patients were followed for a minimum of 6 months. The median progression-free survival has not been reached for intracranial, extracranial, or global disease. For intracranial, extracranial, and global disease, respectively, the rates of progression-free survival were 64.2% (95% CI, 53.0 to 73. of 57% in association with combined nivolumab and ipilimumab, which was higher than previously reported with ipilimumab alone (12 of 51 patients [24%]) 6 or pembrolizumab alone (4 of 18 patients [22%]), 9 and similar to that reported with ipilimumab plus fotemustine (10 of 20 patients [50%]), 14 in similar patient populations. However, we cannot account for potential differences among these studies that are inherent to singlegroup phase 2 studies, such as selection bias and differences in the number and sizes of intracranial target lesions, that may have affected the results. In a population similar to that in our study, the results of a contemporaneous randomized, phase 2 study of nivolumab alone or nivolumab combined with ipilimumab in patients with melanoma who had brain metastases (led by the Anti-PD1 Brain Collaboration) were consistent with the current findings and showed a higher rate of intracranial response with the combination than with nivolumab alone (46% vs. 20%). 15 In that study as well as our own, one limitation of the analyses is the lack of central independent review of the data.
Data from studies that directly compare nivolumab plus ipilimumab with combinations of BRAF and MEK inhibitors in patients with BRAFmutant melanoma and brain metastases are lacking. Among patients who have melanoma with the BRAF V600 mutation and asymptomatic brain metastases, a phase 2 study of dabrafenib plus trametinib (COMBI-MB) showed a rate of intracranial response of 58%. 7 Within the limitations of cross-trial comparisons, including different eligibility criteria and whether the use of glucocorticoids is allowed, the intracranial response rate with nivolumab plus ipilimumab in our study was similar to that of dabrafenib plus trametinib in the COMBI-MB study. Combined therapy with BRAF and MEK inhibitors resulted in a duration of intracranial response of 6.5 months, which was shorter than that observed for extracranial disease, in which the duration of response was 10.2 months. Moreover, the intracranial progressionfree survival of 5.6 months in the COMBI-MB study was substantially shorter than the extracranial progression-free survival of 10.1 months reported in a phase 3 study of dabrafenib plus trametinib. 16 In our study, the use of immunotherapy seemed capable of inducing intracranial responses that were very similar to extracranial responses in character, depth, and duration.
The safety profile that was observed in our study was consistent with those in earlier studies of nivolumab and ipilimumab involving patients with melanoma who did not have brain metastases. [10] [11] [12] 17 Moreover, the incidence of treatmentrelated grade 3 or 4 adverse events in our study was similar to that reported in the phase 2 COMBI-MB study (56%). 7 Among our concerns in designing this study was the possibility that the inflammatory events accompanying an effec- Abdominal pain 7 (7) 1 (1)
Adrenal insufficiency 6 (6) 1
Increased blood bilirubin level 6 (6) 1 tive T-cell response could result in peritumoral intracranial edema, but in this population of patients with asymptomatic brain metastases who were not receiving glucocorticoids, the incidence of brain edema during therapy was only 2%. The majority of adverse events of grade 3 or 4 resolved when established safety guidelines were followed, and no patient died from treatmentrelated neurotoxic effects. Although an ongoing phase 3b-4 study (CheckMate 511; ClinicalTrials .gov number, NCT02714218) is evaluating the safety profile of nivolumab at a dose of 3 mg per kilogram plus ipilimumab at a dose of 1 mg per kilogram as compared with nivolumab at 1 mg per kilogram plus ipilimumab at 3 mg per kilogram, the currently available evidence does not suggest that lower doses of ipilimumab are superior to the doses used in our study. The dosing regimen we used is the current recognized standard and Food and Drug Administration-approved first-line regimen for the treatment of advanced melanoma.
In conclusion, our results show that nivolumab combined with ipilimumab was an effective treatment for patients with asymptomatic, untreated brain metastases from melanoma. In our study, the regimen had a spectrum of toxic effects similar to that associated with these agents in patients who do not have brain metastases.
